in the terminal ductal-lobular units as either lobular acinar carcinoma or cystadenocarcinoma or 2) as papillary carcinomas within large ducts near the mammilla. About half the number of the males had terminal ductal-lobular carcinomas and all but 2 of the papillary duct carcinomas also arose in males. Large tumors frequentlyexhibited squamous, chondromatous, osseous, fatty and myoepitheliomatous types of tissues. In 2 irradiated males and 1 female the tumors metastasized. Whole-body irradiation did not produce significant changes in the number or sex distribution or in the morphology of mammary gland tumors in inbred or outbred guinea pigs. All females had cystic ovaries without increase in granulosa cells, 24 (66.6%) had uterine tumors and 13 (34.2%) had adrenal gland tumors; all males had atrophic testes, 5 (16.5%) had testicular and 6 (22.2%) had adrenal gland tumors. This is a report of mammary gland tumors from 62 guinea pigs. The tumors arose
INTRODUCTION
This report deals with the morphological description of mammary gland tumors from 62 guinea pigs, and includes the tumor distribution among the sexes and the effect of irradiation on the induction ofthese tumors.
Manning (18) , to his review of tumors of guinea pigs from published reports, 14 of which were spontaneous mammary gland tumors, added 16 from personal communications from Edigcr, Kovatch, and Rabstein. These latter arose in the Hartley strain guinea pigs, 14 ofwhich were aged 10 to 26 months. Ten tumors were classified as adenocarcinoma, 4 as papillary cystadenoma, 1 as cystadenoma, 3 as adenoma, 8 as fibroadenoma, 2 as fibrocystadenoma, 1 as carcinosarcoma, and 1 as liposarcoma. Five of the tumors arose in males. One adenocarcinoma (2 1) and one carcinosarcoma (Ediger, Kovatch, and Rabstein) metastasized. In 19 16, Jones (14) camed the transplants of a mammary gland adenocarcinoma for 8 successive generations, and Murray (1 9) the transplants of a mammary gland lipofibrosarcoma for 7 generations. In 1975, Kitchen et a1 (16) reported that over a period of 5 years at the Purdue University Animal Disease Diagnostic Laboratories, 14 spontaneous guinea pig tumors were diagnosed. Of these 4 were mammary gland tumors, 2 of which were in males; one, diagnosed as a malignant mixed mammary gland tumor in a 7Yz-year-old female, metastasized to the lung. In 1976, Andrews (2) described the morphology of 4 mammary gland tumors among 14 tumors that occurred in a colony of 202 untreated guinea pigs. He classified them as papillary cystadenoma, papillary adenocarcinoma, papillary cystadenocarcinoma, and ductile adenocarcinoma. The latter tumor was in a female, while the others were in males. The author demonstrated viral particles in 2 tumors and discussed the possible role ofviruses in the induction of these tumors. Injection of dimethylbenz(a)anthracene (DMBA) by various routes into newborn guinea pigs (24) induced a large number of primary tumors at various sites, including mammary gland adenocarcinomas in 13 females and 4 males. Among Hartley albino female guinea pigs, mammary tumors developed in 1/9 uninjected controls, 1/11 treated with urethane and 0/12 oil-injected controls. No tumors developed in 37 males of similar groups.
The effect of whole-body irradiation on the induction of mammary gland tumors in a selected group of guinea pigs appeared to be of low significance (17) . These tumors occurred in about equal 
METHODS
The material for this study derived from the population of guinea pigs that Lorenz and his associates (17) used in their study on the effect of whole-body irradiation with gamma rays from radium or with x rays. Groups of treated and control non-breeding male and virgin female guinea pigs of inbred strains 2 and 13 and of an outbred stock were used and they received, respectively, doses of gamma radiation of 8.8, 4.4, 2.2, 1.1, and 0.11 R for 8 hours daily. The accumulated doses for the most heavily irradiated animals amounted to 1,000 or 1,800 R over a 6-mdnth period; some animals survived for up to 55 months. The exposure ofanimals irradiated with the lower doses continued for their entire life span; for a few of these, the accumulated dose amounted to 3,000 R. Other groups of animals were treated with a single exposure to x rays which vaned between 50 R and 420 R.
The tissues taken at autopsy were fixed in Zenkerformol, embedded in paraffin, and 6-pm sections were stained with hematoxylin-eosin. The following special stains were used: Masson's tnchrome method, Mallory's aniline blue, periodic acidSchiff reaction, and phosphotungstic acid-hematoxylin. Wilder's silver impregnation method was applied as indicated. The nomenclature of Wellings and associates (26) was followed to name the parts of the mammary gland structures.
The probability level of significance of the data in Tables I and 11 was calculated by the Fisher Exact Probability test (20) .
RESULTS
Gross Morphology. At necropsy, the mammary gland tumors of the 15 untreated guinea pigs ofeither sex were smaller than those of the irradiated guinea pigs. No note regarding mammary tumors was recorded on the autopsy card of 5 animals and the tumors of the other 10 were described only as a thickening of the mammary tissue or as small nodules. Of the irradiated guinea pigs, the mammary gland tumors of the outbred males attained the largest size: in 2 animals the tumors were bilateral; all were noted at necropsy, and measurements of 5 of the 8 tumors were recorded. The largest measured 7 x 4 cm. In a female outbred guinea pig a mammary gland tumor on the left side measured 6.5 x 6.5 cm. Of the 23 mammary gland tumors in irradiated inbred guinea pigs, no note of the presence of 8 was recorded at autopsy, 11 were described as a thickening or as a nodule in the mammary gland region; the largest of the 4 tumors measured was Vol. 14, No. 3, 1986 MAMMARY TUMORS IN GUINEA PIGS 29 1 Although an investigation of the development of mammary gland carcinoma in guinea pigs by serial sacrifice of animals at different ages has not been camed out, the different phases of their development could be recon-structed from studies of a large number of tumors. Attempts to divide the tumors into benign and malignant may not always succeed. The confusion surrounding attempts to classify tumors as benign or malignant has been discussed by one of us (22) . No differences have been noted by us in the histologic morphology of mammary gland tumors in irradi- lindrical epithelium and other acini became distended ( Fig. 1) . As growth progressed, small, closely packed acini occupied the involved lobule, resulting in the nodular enlargement of many of them (Fig.  2) . Coincident with these alterations the appearance of the acinar lining cells changed; some became secretory ( Fig. 3) , others formed multilayers that compromised the lumens. Some acinar lining cells assumed an apocrine gland appearance (Fig. 4) . Mitotic figures were generally numerous. Later, structures resembling ductules, ducts, and acini became separated by an increase in the stromal tissue ( Fig.  5) . In an outbred male, a highly malignant acinar tumor had grown into an intramammary vein ( Fig.  6 ), embolized to a pulmonary vein (Fig. 7) , and formed metastatic deposits in the lung (Fig. 8 ).
b) Cystadenocarcinonia of niamniary gland. With
this pattern of tumor the changes in the mammary gland began with the unfolding and dilatation of the terminal ducts and acini ( Fig. 9 ) resulting in the formation of microcysts. The cystic changes occurred in multiple foci and might involve extensive areas within the mammary gland ( Fig. 10) . With time the microcysts enlarged to form huge multilocular cystic structures. Cysts intermediate in size between these two extremes were variably lined by low, often flattened epithelial cells. Segments of the inner wall of some cysts appeared to lack epithelial lining cells and resembled stromal cysts. In other cysts the lining epithelium proliferated to form one or more polypoid excrescences supported by delicate connective tissue stalks (Fig. 11 ). As these excrescences increased in number and enlarged, they tended to become confluent and formed polypoid tumors that exhibited a cribriform pattern composed of 'small acini (Fig. 12 ). The expanding polypoid tumors remained intracystic even after having achieved large dimensions. Fat tissue populated the stroma in some polypoid growths which came to resemble polypoid lipoadenoma or liposarcoma (Fig. 13 ). In the massive tumors myoepithelial and stromal cells proliferated, particularly the myoepithelial cells ( Fig. 14) and the prevalent adenocarcinoma pattern became mixed with squamous carcinoma (Fig. 15 ). Cartilage, osteoid, and bone ( Fig. 16 ) populated the stroma of some tumors which then took on the appearance of mesenchymal type neoplasms. In 1 male and 1 female the cystadenocarcinoma metastasized to the lung.
Ttunors of the large lactiferoirs diicts near the inai?viiilla. This type of tumor was generally located
in the dilated ampullary portion of the large duct near the mammilla of the male breast. The small lesions often located at several levels of the duct appeared as papillary proliferation of the lining epithelium supported by connective tissue stroma (Fig.  17) . With time, these tumors enlarged, their histologic patterns became complicated and, although some extended through the wall of the involved duct, none metastasized.
Two unusual epithelial tumors were found near the mammilla; one was an adenoacanthoma (Fig.  18 ) and one a papillary tumor (Fig. 19 ). Even though nodules with a fibroadenomatous pattern occurred as components of some Iarge adenocarcinomas (Fig.  20) , we diagnosed only one tumor in a female guinea pig as fibroadenoma. None of the tumors exhibited the pattern of a fibroma. pigs alive after 20 months (effective number) at which time the first mammary gland tumor was observed ( Table I) . The total number of mammary gland tumors in males or females or in those irradiated or untreated did not differ significantly. The numbers of mammary gland tumors at any one level of irradiation were too small to permit meaningful comparisons. The numbers of mammary gland tumors over the numbers of guinea pigs irradiated in the groups with the same dose were The association of mammary gland tumors with primary tumors of other organs in the same guinea pig is shown in Table 11 . The ovaries of all the fe-. males were cystic but there was no increase of granulosa cells. Of 22 guinea pigs with mammary gland tumors, 18 also had uterine corpus tumors; most of these were invasive and a few metastasized. This association is impressive. Irradiated males had severe atrophy of the testes; 5 had testicular tumors, 3 of which were Leydig cell tumors. The numbers of tumors of the adrenal gland and of the thyroid gland in irradiated and in untreated guinea pigs did not differ significantly.
DISCUSSION
The morphology of the ductal-lobular mammary gland tumors in the guinea pig closely resembles that of the rabbit as described by Greene (9). In both species lobular acinar and cystadenocarcinoma of mammary gland develop in the ductal-lobular unit and lobular acinar carcinoma was preceded by cystic changes in the unit. In the rabbit, 19 of 23 mammary gland tumors developed in breasts that had cystic changes (9) whereas in the guinea pig, the two types ofmammary gland tumor occurred with about equal frequency. Nevertheless, in several guinea pigs with lobular acinar tumor, areas of cystic changes were present in mammary gland tissue uninvolved by tumor. Greene likelihood of the development of a malignant mammary gland tumor (6) .
Papillary tumors of the large lactiferous ducts have not been described in the rabbit. In our material from guinea pigs, with two exceptions this type of tumor occurred only in the male. Since Greene's material derived from multiparous female rabbits only, he would have had no opportunity to observe this lesion.
As stated, mammary gland tumors occur in guinea pigs of either sex, and the effect of whole body irradiation on the frequency of the tumor was statis-. tically not significant. The effect of irradiation on the development of mammary gland tumors in experimental animals is equivocal. In humans, among the survivors of the atomic bomb explosion at Hiroshima, only the group of females, who at the time of the explosion were between the ages of 10 to 20 years, showed a significant increase in the number of mammary gland tumors (4) . The influence of hor-monal status on the development of mammary gland tumors in irradiated mice was pointed out in 1936 by Fiirth and Furth (7) and Furth and Buttenvorth (8) . In those studies x radiation decreased the overall incidence of mammary gland tumors. In those mice which developed granulosa cell tumors of the ovary the incidence was, however, increased. Recently Kamiya and associates (1 5 ) reported that among W/Fu rats treated with low doses of neutron radiation only 2 of 62 (3.2%) developed mammary gland tumors, whereas 21 of 63 (33.3%) developed such tumors if treated additionally with prolactin.
The ovaries of all old guinea pigs in our material exhibited cystic changes, and in some of the cysts there was polypoid proliferation of the lining epithelium. Granulosa cells were not numerically increased and no granulosa cell tumors developed. No statements about the hormonal status of our guinea pigs can be made. Nevertheless, the striking association of mammary gland tumors and uterine tumors is suggestive of a hormonal influence on the development of the tumors of both sites. In women a positive association between primary mammary gland tumors and endometrial tumors has been reported repeatedly (1, 3, 23) .
In male guinea pigs, 5 mammary gland tumors were associated with testicular tumors and 3 of the latter were of the hormone-secreting Leydig cell type.
Since outbred males lived about 20 months longer than the inbred males, their long lives may have afforded the opportunity for the enlargement and metastases of the mammary tumors. In women with mammary gland tumors disturbance of the androgen metabolism has been reported (5). A significant difference in the ratio of endogenous Sandrostene-38,178-diol to estradiol in the cytosol fraction of breast tissue of premenopausal women with breast cancer has also been reported (25) .
In our group of guinea pigs whole-body irradiation influenced differently tumor development in various organs apart from the mammary gland. In the same group of guinea pigs, whole-body irradiation increased the number of tumors of the gallbladder (10) and of the spleen (1 2), whereas, tumors of the lung (1 3) and of the urinary bladder (1 1) were not increased.
The results of our study permit us now to report that the number of mammary gland tumors in guinea pigs is not significantly increased by whole-body irradiation.
